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Diesel fuel compositions 

This invention relates to diesel fuel compositions, 
their preparation and their use in diesel engines, and to 
the use of certain types of fuel in diesel fuel . 
compositions. 

Typical diesel fuels comprise liquid hydrccsrbon 
middl e distillate fuel oils having boiling 
ab out 150 to 400-C. Examples of such fuels delude the 
reaction products of Pischer-TropscH methane 
pt ocesses, for example the process Rnown as 
Distillate synthesis (van der Burgt et al, "The Shell 
Midd le Distillate synthesis Process", paper delivered at 
the 5 e » Synfuels Worldwide symposium, Washington DC, 
member 1985; see also the Sovember 1989 publication of 
th e same title from Shell international Petroleum Company 
,td, London, UK). ' These Pischer-Tropsch derived gas oris 
are low in undesirable fuel components such as sulphur 
nitrogen and aromatics and tend to lead to lower vehrcle 
emissions. They are typically blended with other dresel 
ba se fuels, for instance petroleum derived gas oris at 
concentrations of for instance from 10 to 30% w/w, to 
modify the base fuel properties. 

Compression-ignition (diesel) engines running on 

combustion related deposits in their fuel injectron 
systems, in particular in the injector nozzles. Ihrs 
Sector fouling can impair engine performance, 
fouling, a detergent-containing additive may be mcluded rn 
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the fuel, or the proportion of heavier components xn the 
fuel may be adjusted so as to lower its endpoint. 

It has now been found that Fischer-Tropsch derived 
fuels can themselves contribute to a reduction in, and/or 
reversal of, injector fouling. A fuel composition 
containing such components can therefore be used to help 
m aintain and/or improve engine cleanliness. 

according to a first aspect of the present invention 
there is provided the use of a Fischer-Tropsch derived gas 
oil in. a diesel fuel composition, for the purpose of 
reducing subsequent combustion related deposits in a diesel- 
engine into which the fuel composition is introduced. 

The Fischer-Tropsch derived gas oil may instead or xn 
addition be used for the purpose of removing previously 
incurred combustion related deposits (ie, to "clean up the 

engine) . „ 

in the context of the present invention, "reducing 
includes compute prevention end -removing" embraces both 
complete end partiel removal. "Use" of the fischer-Tropsch 
derived gas oil in a fuel compoeiticn means incorporating 
the fuel into the composition, typically as a blend (ie, a 
physical mixture) »ith one or more other fuels, 
conveniently before the composition is introduced into the 

"''"The Fischer-Tropsch derived gaa oil should be suitable 
for use as a diesel fuel. Its components (or the majority, 
£ or instance 95% »/« or greater, thereof, should therefore 
have boiling points within the typical diesel fuel,- gas 
■oil-, range, ie, from about 150 to 40CTC. or from 170 to 
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370-C. It will suitably have a 90% w/w distillation 
temperature of from 300 to 370'C. 

By "Fischer-Tropsch derived" is meant that the fuel 
is or derives from, a synthesis product of a Fischer- 
Tropsch condensation process. The Fischer-Tropsch reaction 
converts carbon monoxide and hydrogen into longer chain, 
usually paraffinic, hydrocarbons: 

n(CO + 2H 2 ). = <-CH 2 -)n + nH 2° + heat ' ' 
in the presence of an appropriate catalyst and 
elevated temperatures (eg, 125 to 300'C, preferably 17 to 
250-C) and/or pressures (eg, 5 to 100 bar, preferably 1 to 
50 bar) . Hydrogen:carbon monoxide ratios other than 2:1 
may be employed if desired. 

A gas oil product may be obtained directly from this 
reaction, or indirectly for instance by fractionation of a 
Fischer-Tropsch synthesis product or from a hydrotreated 
Fischer-Tropsch synthesis product. Hydrotreatment can . 
involve hydrocracking to adjust the- boiling range (see, eg, 
GB-B-2077289 and EP.A-0147873) and/or hydroisomerisatxon 
which can improve cold flow properties by increasing the. 
proportion of branched paraffins. EP-A-0583836 
two-step hydrotreatment process in which a Fischer-Tropsch 
synthesis product is firstly subjected to hydroconversron 
under conditions such that it undergoes substantially no 
isomerisation or hydrocracking (this hydrogenates the 
olefinic and oxygen-containing components), and then at 
least part of the resultant product is hydroconverted under 
conditions such that hydrocracking and isomerisation occur 
to yield a substantially paraffinic hydrocarbon fuel. The 
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desired gee oil fraction,*, may subsequently be isolated 
for instance by distillation. 

Other post-synthesis treatments, such as 
polymerisation, alxylatfon, distillation, cracking- 
decarboxylation, isomerisation and hydroref ormrng, maybe 
employed to modify the properties of Fischer-Tropsch 
condensation products, as described for instance xn 
OS-A-4125566 and OS-A-4478955 . _,..„- 
Typical catalysts for the Fischer-Tropsch synthesxs of 
paraffinic hydrocarbons comprise, as the catalytically 
active component, a metal from Group VIII of the perxodxc 
table, in particular ruthenium, iron, cobalt or nxcxel. 
suitable such catalysts are described for instance in 
EF-R-0583836 (pages 3 and 4) . 

An example of a Fischer-Tropsch based process is the 
SMDS (Shell Middle Distillate Synthesis) described in -The 
Shell Middle Distillate Synthesis Frocess", yen d.r Burgt 
et al (supra,. This process produces middle distillate 
range products by conversion of a natural gas (prxmarxly 
methane, derived synthesis gas into a heavy long-chaxn 
Tydrocarbon (paraffin, wax which can then be hydroconverted 
Id fractionated to produce liguid transport fuels such as 
the gas oils useable in diesel fuel compositions. A 
version of the SMDS process, utilising a fixed-bed reactor 
for the catalytic conversion step, is currently in use xn 
■ Bintulu, Malaysia and its products have been used in 

petroleum derived gas oil blends in commercially avaxlable 
automotive fuels. 

Gas oils prepared by the SMDS process are commercially 
available for instance from the Royal Dutch/Shell Group of 
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companies. Further espies -of Fischer-Tropsch derived gas 
oil s are described in EP-A-0583836, EP-A-1101813. 
M0 . R - 97 ,14768. KO-A-97/14769, WO-A-00/20534, WO-A-00/20535, 
HO - R -00/U116, WO-A-00/1U17, «O-A-01/83406, WO-A-01/83641, 
WO-A-01/83647, WO-A-01/83648 and OS-A-6204426. 

suitably, in accordance with the present invention, 
the Fischer-Tropsch derived gas oil will consist of at 
least 70% w/„, preferably at least 80* w/w. more preferably 
at least 90% wM most preferably at least 95% w/w, of 
paraffinic components, preferably ISO- and linear 
paraffins. The weight ratio of iso-paraf fins to normal 
paraffins will suitably be greater than 0.3 and may be up 
to 12; suitably it is from 2 to 6. The actual value for 
this ratio will be determined, in part, by the 
hydroconversion process used to prepare the gas oil from 
the Fischer-Tropsch synthesis product. Some cyclic 
paraffins may also be present. 

By virtue of the Fischer-Tropsch process, a Frscher- 

. i o^pntiallv no, or undetectable 

Tropsch derived gas oil has essentially n , 
levels of, sulphur and nitrogen. Compounds containing 
these heteroatoms tend to act as poisons for Fischer- 
Tropsch catalyats and are therefore removed from the 
synthesis gas feed. Further, the process as usually 
operated produces no or virtually no aromatic components.. 
The aromatics content of a Fischer-Tropsch gas oil, as 
determined by RSTM D 4629, will typically be below 1% w w, 
preferably below 0.5, w/w and more preferably below 0.1% 

The Fischer-Tropsch derived gas oil used in the 
present invention will typically have a density from 0.76 
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to 0 79 g/cn.3 at 15 'C; a cetane number ,*ST« D613) greater 
t an 70. suita.lv fro, 74 to"«, a Kinematic viscoszty from 

to 4.5, preferably from 2.5 to 4 .0, -ore preferably 
from 2.9 to 3.7, centistoxes at 40'C; and a sulphur oontent 
o, 5 ppmw (parts per million by weight) or less 

Preferably it is a product prepared by a Frscher- 
Tropsch methane condensation reaction using a 
h ydrogen/Oarbon monoxide ratio of less than 2.5, preferably 
le ss than 1.75, more preferably from 0.4 to 1.5, and 
id 1 y using a cobalt containing catalyst. Suitably rt 
Z have been obtained from , hydrocrac*ed Pisoh.r-Tropsch 
S ynthesis product (for instance as described zn 
GB-B-2077289 and/or EP-A-0147873, , or more preferably a 
product from a two-stags byconversion process such as . 
that described in EP-A-0583836 (see above,. In the latter 
case, preferred features of the nydroconversicn process may 
b e as disclosed at pages 4 to 6, and in the examples, cf 
EP-A-0583836. 

The level of combustion related deposits rn a dresel 
engine may be measured in its fuel injection system, with 
reference to the degree of fouling of the injector nozzles. 
D egree of nozzle fouling may be assessed in a number of 
„ays, for instance visually, by measuring the mass of 
d osits in , fouled nozzle or by measuring the f lur flow 
(£ or instance, fuel flow or more preferably arr flow, 
properties of the fouled nozzle relative to those of the 

^"TaPpropri.te test might for example determine- the 
.agree of nozzie fouling (conveniently in the form of a 
, percentage injector fouling index, under steady state 
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editions in a suitable diesel engine, for • b- - 

on the change in air flow rate through one or more of the 
nozzles a, a result of using the fuel ^osl"- 
conveniently the results are averaged over all of the 
sector nozzles of the engine. * suitable test protocol, 
nsing an indireot injection diesel engine, zs descrzbed 
I o in conneotion with the experimental examples. The 
. v mo fhnri F-23-T-00, which again involves 
rvr standard test method t <^ * uu - 

Rector nozzle air flow .easements, may also he used to 
assess engine fouling. 

The invention may be applicable where the fuel 
exposition is used or intended to be used in a direct 
section diesel engine, for example of the rotary pump^ 
in-line puz»P, unit pump, electronic unit injector or common 
Tail type, or in an indirect injection diesel engzne. The 
f nel composition may be suitable for us, in heavy and/or 
light duty diesel engines. 

The amount of the Pischer-Tropscn derived gas ozl used 
nay b e from 0.5 to 100% w/w of the overall diesel fuel 
Tolposition, suitably from 1 to 60% „/w. preferably from 
to 50* w/„, more preferably from 10 to 30, w/„ It 
desirable for the composition to contain 8% w/w or greater 
Z preferably 10, w/w or greater, most preferably 20, w/„ 
or greater, of the Fischer-Tropsch gas oil. 

Other fuel components of the composition may be dzesel 
4-- =1 t-vne tvpically comprising liquid 
fuels of conventional type, typi^a y 
hydr oearbon middle distillate fuel oils, for instance 

. 1c c uc h fuel components will 
tjetroleum derived gas oils. Sucn iuex 

typically have boiling points within the usual diesel range 
, of 150 to 400-C, depending on grade and use. 
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The diesel fuel composition may, in order to achieve a 
reduction and/or removal of engine deposits, consist 
essentially of the Fischer-Tropsch derived gas oil - in 
other words it may contain a major proportion (by which is 
meant preferably 99% w/w or more of the fuel composition, 
more preferably 99.5% w/w or more, most preferably 
99.8% w/w or more, even up to 100% w/w) of the Fischer- 
Tropsch derived gas oil, optionally with a minor proportion 
of one or more diesel fuel additives such as are known in 
the art but with no other diesel fuels. 

The overall fuel composition preferably has a low or 
ultra low sulphur content, for instance at most 1000 ppmw 
(parts per million by weight) , preferably no more than 500 
ppmw, most preferably no more than 100 or 50 or even 10 
ppmw. It preferably has a cetane number (ASTM D613) from 
40 to 85, more preferably from 45 to 75. Its density will 
typically be from 0.75 to 0.9 g/cm3, preferably from 0.8 to 

0.85 g/cm 3 , at 15 "C. 

The Fischer-Tropsch derived gas oil may in particular 
be used to enhance the performance of a fuel or fuel blend 
which would otherwise cause relatively high levels of 
combustion related deposits, for instance a fuel having a 
relatively high endpoint and/or containing relatively high 
levels of aromatic components, and/or of a fuel or blend 
which causes, after three hours' engine running, a 
reduction in the achievable air flow rate through one or 
more of the engine nozzles of greater than 35 or 40 or 45% 
for instance measured using the test protocol described 
below. 
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Although in general the diesel fuel composition may or 
may not contain additives, it is preferred that it includes 
a detergent, since this may enhance the cleaning effect of 
the Fischer-Tropsch derived gas oil. The first aspect of 
the present invention may therefore involve the use -of both 
a Fischer-Tropsch derived gas oil and a detergent, in a 
diesel fuel composition, for the purpose of reducing 
subsequent combustion related deposits in a diesel engine 
into which the fuel composition is introduced and/or for 
the purpose of removing previously incurred combustion 
related deposits. 

By -detergent" is meant an agent (suitably a 
surfactant, which can act tc remove, and/or to prevent the 
b uild up of, combustion related deposits within tha engrne, 
in particular in the fuel inaction system such as in the 
injector nozzles. Such materials are sometimes referred to 
as dispersant additives. _ 

The Fi.cher-Tropsch derived gas oil, or alternatively 
the combination of the Fischer-Tropsch derived gas oil and 
the detergent, is preferably included in the fuel 
composition at a concentration sufficient to achieve a 
reduction in engine fouling (measured for instance as 
outlined above) of at least 5%, preferably at least 8%, 
m ore preferably at least 10%, most preferably at least 20%, 
as compared to that which results from using (under the 
■ same or comparable conditions) the same fuel composition 
but without the Fischer-Tropsch gas oil. Alternative y the 
reduction may be relative to the degree of engine fouling 
which results from the use (under the same or comparable 
conditions) of a fuel composition containing no, or less 
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than 14 FischOr-Tropsch derived fuels and no, or less 

than 50 or even 20 ppmw of, detergsnt. 

M ore preferably, the Fiseher-Tropsch derived gas or!, 
or alternatively the combination of the Fischer-Tropsch 
derived gas oil and the detergent, is inoluded at a 
concentration sufficient to remove, at least partia ly 
combustion related deposits which have built up in the 
engine's fuel injection system, in particular in the 
Tn e=tet nozzles, during a previous period of running usrng 
another diesel fuel (typically a fuel containing no, or 
els than » w,w. Fischer-Tropsch derived fuels and no, or 
le ss than 50 or even 20 ppmw of, detergent, , when the 
engine is snhseguently run on the Fischer-Tropsch fue 
containing composition. This concentration is preferably 
efficient to remove at least 5* of the previously incurred 
sector deposits (measured for instance as described 
Jove,, mere preferably at least 10%. most preferably at 
least 15 or 20 or 25 or 30%. 

The removal of combustion related deposits may be 
achieved by running the engine on the Fischer-Tropsch fuel 
containing composition for instance for the 
time as that during which the deposits accumulated, or more 
preferably for 75%, yet more preferably 50% cr even 4 or 
To of the period of deposit accumulation, conveniently 
Oder comparable conditions. Ideally at least partial 
Loval of combustion related deposits is achieved by 
tU nning the engine on the Fischer-Tropsch fuel containing 
composition for five hours or less, preferably fo, : three 
h eers or less, mere preferably for two hours or less. 
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Where the fuel co-position includes a detergent, 
pre£ erred oonoeutretions lie in the range ,0 
active matter detergent based on the overall fuel 
r,rPferablV 40 to 500 ppmw, most 
Z Z Z or 100 to 300 PPm » or ISO to 300 
" the case of n,oat co^ercially available detergent 
PP T' • ng dlesel fuel additives, this -» -an that the 

edended single treat rate, for e W le between 1 and 
recouun times, such as 

3 times, preferably between 1.5 and 2.5 
about twice the standard single treat rate. Lower 

fu rther engine fouling and/o, -J^^ ^ accordance 

Fxamoles of detergents suitable ror ut, 
„ it h ^present invention include polyolefin substituted 
I collides or succinates of polyaaines, for xnstance 
To ly sobutylene succinites or polyisobutylene a^rne 

ccinanides, aliphatic amines, Hannich bases or a»mes and 
^olefin ,eg. P-- = > ^1^' — 

polyolefin substituted succrnrmrdes such 

SUCCi ::rr; S ent-containing diesel fuel additives are k no„n 
and colerciaUy available, for instance fr« Xnfrneu, ,eg, 
F766 l andF7685) and Octel (eg, 0«* 4130D) . 
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The fuel composition may contain other components in 
sedition to the Fischer-Tropsch derived fuel end if 
applicable the detergent. Typically such components will 
be incorporated in fuel additives, for instance in 
combination with a detergent. Examples are lubricity 
enhancers such as EC 632 and PARADYNE™ (ex Infineum, , 
HTTEC- E580 (ex Ethyl Corporation, and VEKTRON™ 6010 (ex 
In£ ineum, and amide-based additives such as those available 
from the Lubrizol Chemical Company, for instance LZ 539 C 
dehazers, eg, alkylated phenol formaldehyde polymers such 
as those commercially availabie as NALCO™ EC5462A (for.erly 
,007) (ex Baled, and TOLAD™ 2683 (ex Petrolite, ; anti- 
foaming agents (eg, the polyether-modif led polysiloxanes 
ccmnercially available as TEGOPREN** 5851 and Q 25907 (ex 
oow corning,, SAG- TP-325 (ex OSi, and RHODORSIL™ (ex Rhone 
PoulenO; ignition improvers (cetane improvers, (eg 2- 
ethylhexyl nitrate (ERK, , cyclohexyl nitrate, dr-tert-butyl 
peroxide and those disclosed in OS-4208190 at column 2 
Une 27 to column 3, line 21,,- anti-rust agents (eg, that 
sold commercially by Rhein Chemie, Mannheim, Germany as 
-RC 4801", a propane-1, 2-diol semi-ester of tetrapropenyl 
succinic acid, or polyhydric alcohol esters of a succinic 
acid derivative, the succinic acid derivative having on at 
Xeast one of its alpha-carbon atoms an unsubstituted or 
substituted aliphatic hydrocarbon group contaihing from 20 
to 500 carbon. atoms, eg, the pentaerythritol diester of 
polyisobutylene-substituted succinic acid); corrosion 
. Inhibitors; reodorants, anti-wear additives; antr-oxrdants 
(eg , phenolics such as 2, 6-di-tert-butylphenol, or 
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phenylalanines such as H. N -di-sec-butyl-p- 
phenylenediamine); and metal deactivators. 

Unless otherwise stated, the (aotive matter) 
conoentration of each such additional component in the 
reran fuel composition is preferably up to 1, w/„, more 
pliably in the range from 5 to 1000 ppmw, advantageousiy 
fr0 . !S to 300 ppmw, such as from 95 to 150 PP mw. 

Xt is particularly preferred that a lubricrty enhancer 
he included in the fuel composition, especially when rt has 
a low (eg, 500 ppmw or less) sulphur content. The 
lubricity enhancer is conveniently present at a 
Icentlion from 50 to 1000 ppmw, preferably from 100 to 
10 00 ppmw, based on the overall fuel compositron 

The .active matter, concentration of any -barer n 
the fuel composition will preferably be in the ran, from 1 
o 2 0 ppmw, more preferably from 1 to 15 ppmw. still more 
. pt eferably from i to 10 ppmw and advantageously from 1 to 
; pB „. Th e (active matter, concentration of any rgnrtron 
ilrover present will preferably be 600 ppmw or less, more 
Preferably 500 ppmw or less, conveniently from 300 to 500 

^"^ second aspect of the present invention provides a 
method of operating a diesel engine, and/or a vehrcle whrch 
i. driven by a diesel engine, which method rnvoives 
. introducing into a conation chamber of the engrne a 
d iesel fuel composition incorporating a 

derived gas oil, and optionally also a detergent, for the 
pur L of reducing subseguent combustion related deposrts 
in the engine and/or removing previously incurred 
, combustion related deposits in the engine. 
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Preferred features of the second aspect of the 
invention, for instance regarding the engine type, the 
nature of the diesel fuei composition, the nature and 
concentration of the rischer-Trcpsch derived gas or and if 
present the detergent, as Weil as of other components of 
the fuel composition, and the ways in which engine foulrng 
may be assessed, may all be as described above in 
connection with the first aspect. therais 
according tc a third aspect of the inventron, there is 
provided a diesel fuel composition which includes a major 
proportion of a fuel or fuel blend for an internal 
conation engine of the compression ignition type, wherern 
the fuel or fuel blend comprises at least 30% w/w of a 
Pischer-Tropsch derived gas oil, preferably at least 40% 
„/„, mere preferably at least 50% w/w, most preferably at 
least 60% w/w. The fuel or fuel blend may comprise up to 
10 „% „/„ of the rischer-Trcpsch derived gaa oil, preferably 
up to 95% w/w, more preferably up to 90% w/w, most 
preferably up to 80% w/w or 70% w/w. 

This fuel composition preferably also contains a manor 
proportion of a detergent-containing additive. By -minor 
proportion" is meant preferably less than 1% w/w of the 
fuel composition, more preferably less than 0.5% w/w ,50.0 
ppmw, and most preferably less than 0.2% w/w (2000 
references to "major proportion" may be construed 
accordingly. 

As described above, in accordance with the present 
invention a fuel or fuel blend may be additivated 
(additive-containing) or unadditivated (additive-free, . 
additivated, it will contain a minor proportion of one or 
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more additives, in particular a detergent containing 
additive. Such additives may be added at various stages 
during the production of the fuel composition; those added 
at the refinery for example might be selected from anti- 
static agents, pipeline drag reducers, flow improvers (eg, 
ethylene/vinyl acetate copolymers or acrylate/maleic 
anhydride copolymers) and wax anti-settling agents (eg, 
those commercially available under the Trade Marks 
"PARAFLOW" • (eg, PARAFLOW™ 450, ex Inf ineum) , "OCTEL" (eg, 
OCTEL- W 5000, ex Octel) and "DODIFLOW" (eg, DODIFLCW v 
3958, ex Hoechst) . 

in accordance with a fourth aspect of the invention, 
there is provided a method of operating a diesel engine, 
and/or a vehicle which is driven by a diesel engine, which 
method involves introducing into a combustion chamber of 
the engine a diesel fuel composition according to the third 
aspect. 

A fifth aspect of the invention provides a process for 
the preparation of a diesel fuel composition, such as a 
composition according to the third aspect, which process 
involves blending a Fischer-Tropsch derived gas oil with a 
non Fischer-Tropsch derived diesel fuel, optionally 
together with a detergent. Again the blending is ideally 
carried out with the aim of reducing subsequent combustion 
related deposits in a diesel engine into which the fuel 
composition is introduced and/or for the purpose of 
removing previously incurred combustion related deposits in 
the engine. 

The discovery that Fischer-Tropsch gas oils can at 
least partly remove existing engine deposits may be put to 
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use in the "clean-up" of a fouled engine. Thus, according 
to a sixth aspect of the present invention, there is 
provided the use of a Fischer-Tropsch derived gas oil, 
and/or of a fuel composition containing a Fischer-Tropsch - 
derived gas oil, to clean (ie, to remove combustion related 
deposits from)' the fuel injection system of a diesel 
engine. "Use" in this way means running the engine, or a 
part thereof such as its fuel injection system, on the gas 
oil or fuel composition for a period of time sufficient to 
effect at least partial removal of the combustion related 
• deposits. It need not necessarily involve driving the 
vehicle. 

A Fischer-Tropsch derived gas oil, or a fuel 
composition containing such a gas oil, may therefore in 
accordance with the invention be packaged together with 
instructions for its use to clean a diesel engine in the 
manner described above. 

The sixth aspect of the invention also encompasses a 
method of cleaning the fuel injection system of a diesel 
engine, by introducing into a combustion chamber of the 
engine a Fischer-Tropsch derived gas oil and/or a fuel 
composition containing a Fischer-Tropsch derived gas oil. 

Preferred features of the third to the sixth aspects 
of the invention, for instance regarding the nature and 
concentrations of the Fischer-Tropsch derived gas oil, any 
detergent present and any other fuel components and . 
additives present, may be as described above in connection 
with the first and second aspects of the invention. 
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According to a seventh aspect, the present invention 
provides a method for assessing the performance of a 
candidate diesel fuel composition, comprising the steps of: 

1) measuring the level of combustion related deposits in 
a diesel engine running on a "standard" diesel fuel 
composition, which "standard" fuel composition contains no, 
or less than 1%. w/w of, Fischer-Tropsch derived gas oils; 

2) subjecting the engine to a first test cycle running on 
the standard fuel composition; 

3) measuring the level of combustion related deposits in 
the engine after the first test cycle; 

4) calculating the increase in deposits during the first 
test cycle; 

5) subjecting the engine to a second test cycle running 
on the candidate diesel fuel composition; 

6) measuring the level of combustion related deposits in 
the engine after the second test cycle; 

7) calculating the increase in deposits (if any) during 
the second test cycle; and 

8) if applicable, calculating the extent of removal of 
deposits during the second test cycle. 

The "standard" fuel composition suitably contains no, 
or less than 50 or even 20 ppmw, active matter detergent. 
It is suitably a low or ultra low sulphur diesel fuel, as 
described above, and is preferably unadditivated. 

The level of combustion related deposits may be 
' measured by assessing the degree of fouling of the injector 
nozzles in the fuel injection system of the engine, as 
described above. 
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The test cycles involve running- the engine on the 
relevant fuel composition for a given period of time and/or 
for a given number of miles. The tests may be conducted on 
the engine alone or driving a vehicle - in the latter case 
they may be conducted under simulated driving conditions 
(such as using a chassis dynamometer) or involve regular 
road driving (preferably under urban as opposed to motorway 
conditions) . The engine running and/or driving conditions 
should be the same or comparable for both the first and the 
second test cycles. 

By way of example, the duration of the first test 
cycle should be sufficient to cause a significant, and at 
least detectable, build up of combustion related deposits 
compared to that measured in step 1 of the test. A typical 
first test cycle might last from 1 to 5 hours, preferably 2 
hours or more, more preferably 3 hours or more. 

An appropriate duration fpr the second test cycle is 
typically from 10 to 100%, preferably from 50 to 100%, most 
suitably 100%, of that of the first test cycle. It may in 
cases be 80% or 75% or even 50% or less of the duration of 
the first test cycle. For assessing reductions in (as 
opposed to removal of) combustion related deposits, it may 
be up to 120% or 150% or even 200% of the duration of the 
first test cycle. 

The engine used f or the test may for instance be an 
indirect injection diesel engine, such as a Volkswagen™ 
Passat™ engine, for instance the Passat™ AAZ 1.9 TD engine. 
The. test may be conducted on only a part of the engine (eg, 
the fuel injection system) or on a simulated engine or 
engine part. 
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The assessment method of the invention is particularly 
applicable to a candidate diesel fuel composition which 
incorporates a Fischer-Tropsch derived gas oil, more 
particularly to one which also incorporates a detergent. 
The method may therefore be used to identify and/or 
evaluate fuel compositions according to the third aspect of 
the invention. 

The method may also be used to assess the performance 
of a diesel engine, and/or to assess the performance of a 
fuel injection system for use in a diesel engine, and/or to 
assess the performance of a vehicle ■ driven by a diesel 
engine. 

An eighth aspect of the present invention provides a 
diesel fuel composition which, when used as the candidate 
fuel composition in the assessment method of the seventh 
aspect, leads to removal of at least 5%, preferably at 
least 10% or 15% or 20% or 25% or 30%, of the combustion 
related deposits accumulated in the engine prior to step 5 
of the test, when the duration of the second test cycle is 
the same as or less than, more preferably 80% or 75% or 
even 50% or less of, the duration of the first test cycle, 
and the duration of the first test cycle is preferably at 
least 2 hours, more preferably 3 hours or more. 

Such a fuel composition ideally contains, in 
accordance with the present invention, a Fischer-Tropsch 
derived gas oil, preferably together with a detergent.. 

The present invention will be further understood from 
the following examples, which illustrate the effects of 
using Fischer-Tropsch derived gas oils in diesel fuel 
compositions, on the degree of fuel injector fouling. 
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two fuel, used in the tests were a. petroleu* 
de rived lo» sulphur diesel fuel rl and a nsoher-Tropsch 
(SM DS) derived gas oil «. both alone and in blends 
oontaining varying proportions of the two. ThSrr 
properties are shoun in Table A. 
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Table A 



TPael property 
Density 6 15 °C (g/a 

Distillation 
IBP (°C) 
10% 
20% 
30% 
40% 
50% 
| 60% 

70% 

80% 

90% 

95% 

FBP 

Cetane number 

Cetane index 
Cetane index 

Kinematic viscosity @ 
40 °C (centistokes) 

Cloud point (°C) 

Cold filter plugging 
point C°C) 

Sulphur (WDXRF) (ppmw) 

Carbon (% w/w) 

Hydrogen (% w/w) 

Calorific value (cal 
(IT)/g) 
Gross 
Net 

HPLC aromatics {% w/w) : 
Mono 
Di 
Tri 

| Total . 



Test method 



IP 365/ASTM 
D4052 

IP 123/ASTM D86 



ASTM D613 

IP 364/84 
IP 380/94 

IP 71/ASTM D445 

IP 219 
IP 309 

ASTM D2622 



180.0 
220.0 
237.0 
251.5 
264.0 
276.0 
288.0 
301.0 
316.5 
338.0 
355.0 
364.5 

I 52.9, 54.0 
Jul' '00 
52.3 
52.7 

3.020 



IP 391 (mod) 



22.4 
3.9 
0.3 



212.5 
248 
264 
277.5 
290.5 
300.5 
309 
316 
327 
332 
339 
344 



93.7 
3.467 



85.1 
15.1 



11170 
10405 



<0.1 
<0.1 
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The gas oil « had been obtained from a Fischer- 
Tr opsch (SHDS, synthesis product via a twc-stage 
hydr oconversion process analogs to that descrrbed in 

EP-A-0583836. 

m tha Example 3 tests, a commercially available 
de tergent-containing additive A was added to the fuels and 
fuel Lends. Additive A is a detergency additrve amiable 
I m Xnfineum which passes the Cumins 110 heavy duty 
aete^enc, test and contains inter alia a detergent a 
tub icity additive, an anti-foam agent and a corroszon 
inhibitor, it was. added at a ccncentration of 8,2 ppmw 
double its standard treat rate,.- this resulted zn an 
Live matter detergent concentration of greater than 100 
™, in the additivated fuel/blend. 

^ The performance of the fuels and blends in an indirect 
injection (IK) diesel engine was tested according to the 
renewing protocol, which assesses the degree of injector, 
nozzle fouling under steady state conditions. 
Rector fouling test protocol 

ITu^aTr ^oUswagen- Passat™ . 
indit ect injection diesel engine having the following 
specification: 

Bore x stroke. 

No . of cylinders: 4 in line 

1.896 litres 

Swept volume: 

tl m q 4200 r/mm 
Maximum rated power: n _ ft . . 

1/in Nm @ 2400 - 3400 r/mm 
Maximum rated torque: 140 Nm L 
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Engine features: turbocharger and EGR with 

electronic control; 

oxidation catalyst 

• blanked off at turbo outlet. 

EGR system: 

Its fuel injection equipment (Bosch™) had the 

following specification: 

. j 2FH KCA 275 77 

Injector body: " n ^ 

, «. DNO SD 308 

Nozzle type: 

i • r f . ' 0 81 mm ( + /- 0.02) 
Nozzle needle lift: u.ox uu 

. ro uft . 0.010 mm ( + /- 0.001) 

Nozzle pre lift. ■ 
Nozzle opening pressure (1): 150 bar (+8/-0) 
Nozzle opening pressure (2) : 235 bar (+/10/-0) 
Nozzle nut torque: 70 Nm 

Leakback test 100 bar down to 70 bar applied 
pressure in 10-35 s (new nozzles) 

injection pump: ■ VE No. 0 460 494 314. 
The injector blanking plugs used were also Bosch™, 
133 -9802. High pressure injection pipes were used between 
the injection pump and the injectors. 

Prior to the start of each test, the four clean 
nozz les were air flowed at a needle lift of 0.05 mm, and at 
0 x to 0.8 mm in steps of 0.1 mm, and the results recorded. 
The fuel filter was also changed prior to each test, and 
the full supply bled and the systems returned with , litres 
of the test fuel or blend. 

In order to limit flow variations between teats, steps 
„ere taKen to ensure that each nozzle needle refined in 
were uarv nd ne edles were 

its own nozzle and that the nozzle bodies and 
aligned in the same way for each test. 
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E ach test began with a 20 minute engine war, up cycle, 

^ LeeTn an, water textures had reached 

angine ramped for 15 seconds to the deposit accumulate? 

v „. for which the conditions were as follows: 
stage, tor wluch ^ ^ ^ 

Engine speed: ^ ^ (+/ _ ^ ^ 

TOt<,ae: 3 hours (+/- 3 minutes) 

Duration: 

i . 90 C +/" 4 C) 

Oil temp (into cooler). 

Coolant temp (out of engine): 90 C C + /- 4 C) 

Fue l pressure to injection pump: 0.35 har (gauge) ( + / 0.05 

bar) 

5.1 kg/h (85 g/min) 

nominal fuel flow: 

Nominal fuel supplied: 35 litres. 

ft. engine was allowed to stabilise for 5-7 minutes at 
these test conditions, .series of manual readmgs was 
tin, including a Bosch smo.e measurement, after reachrng 

at conditions but before starting tba test the engrne 
„aa returned to idle and the blow by measured. Test 

— rrr: 1 ::- below ware recorded 
throughout the test. 
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Table B 



Parameter 
Engine speed 
Engine torque 
Duration 

Water outlet temperature 
Oil inlet temperature 
Fuel flow 
Fuel pressure 
Fuel temperature 
Ambient air temperature 
Air filter temperature 

Inlet manifold temperature 

Inlet manifold pressure 

Exhaust temperature (before catalyst) 

Exhaust back pressure 



nnminal end of test value 
2000 r/min 
90 Nm 
3 hrs 
90*C 
90"C 

85-88 g/min 
0..4 bar 
30-32'C 
25-30"C 
23-27 "C 
84-88'C 

1480-1510 mbar 
325-340'C 
1770-1800 mbar 



On completion of each test, the injectors were removed 
taking care not to disturb or contaminate the deposits on 
the nozzle faces. They were dismantled and the nozzles 
removed. The nozzle body and needle were dipped separately 
in dean n-heptane or another suitable solvent to remove 
excess fuel, taking care not to disturb the deposits, and 
then allowed to drain prior to drying in an oven at 50 C 
for a minimum of 1 hour. 

The dried nozzles were allowed to cool to ambient 
temperature for a minimum of 1 hour. Their air flow was 
then measured at needle lifts of 0.05 mm, and at 0.1 to 
0 8 mm in steps of 0.1 mm, and the results recorded. 
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In order to ensure consistency between nozzle flows e 
reference nozzle was also n- et lifts o £ 
0.3 mm before flowing the test nozzles clean end dirty.. 

Th e fooling level for each test was assessed by 
ealculatin, a -fouiing index" fro, the air flow data. Per 
each nozzle, fouling outers were oelculated usrng the 
Xw rates measured et needle lifts of 0.1, 0.2 and 0.3 _ 
with the nozzles olean and fouled: 

F „ - flow dean - fl°" fouled x' 100 % 
flow clean 

M average fouling number was then oelculated for each 
nozzle fro- its three T. values. The mean fouling index 
for the test was the average (mean, of the fouling numbers 
F n from all four nozzles. 
Examplel 

1^ example demonstrates a reduction an engrne 

fouling due to the us, of a riseher-Tropseh gas oil an a 
petroleum derived diesei fuel composition. 

using the above described injector foulang test, 
petroleum derived fuel n was cbmpared with the .ischer- 
Tropach derived F2 as well as with blends contarnrng the 
"I fuels in a range of proportions. The resuits are she™ 
in Table 1. 

Table 1 



Experiment 



Proportion of fuel F2 
w/w) 



lie, fuej Fl alone) 



Mean fouling index 
(*> 
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Th ese data establish a clear trend for reduced fouling 
with increasing levels of the Fischer-Tropsch gas oil. The 
qaS oil alone leads to markedly lower engine deposits 
compared to the petroleum derived fuel alone. However even 
at a level of only 10% w/w, the blending of the Fischer- 
Tropsch oil with fuel Fl is associated with a significant 
reduction in fouling. 
E xample 2 

This example demonstrates that a Fischer-Tropsch 
derived fuel may be used to "clean up" fouled injectors 
ie , to remove deposits which have built up through use of 

another fuel. 

Following experiment 1.1, in which fuel Fl alone 
resulted in a mean fouling index of 42.4%, the same 
injectors were subjected to further air flow measurements 
to confirm the nozzle condition (this re-flow yielded a 
mea n fouling index of 39.6%) and then re-tested using the 
Fischer-Tropsch fuel F2 alone. 

Surprisingly, the mean fouling index after the re-test 
had reduced to 28.5%, indicating not only a reduction xn 
fouling levels using fuel F2 as opposed to Fl, but also a 
significant degree of clean-up of previously accumulated 
engine deposits during use of F2. 
Example 3 

\hi; demonstrates the cumulative benefits of usxng a 
Fischer-Tropsch derived diesel fuel and a detergent 
containing additive. 
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Example 1 was repeated but with additive A (at twice 
its standard treat rate, added to each fuel or blend. The 
results are shown in Table 2. 

Table 2 



Experiment no. 


Proportion of fuel F2 
(% w/w) 


Mean fouling index 
(%) 


3.1 


0 

( ie, fnpl Fl alone) 


25.2 


3.2 


10 


23.5 


3.3' 


bU 


16.4 


3.4 


70 


10.3 




100 


2.3 





comparing these results with those in Table 1, it l. 
dear that inclusion of the detergent containing additive 
results in a further reduction in nozzle fouling for each 
fu el or blend tested. Again increasing levels of the 
Fis cher-rropsch fuel are associated with decreasing levels 
of fouling. 

Thus, in accordance with the invention, a Fischer- 
Tropsch derived fuel may be combined with a detergent to 
provide yet further improvements in fouling performance rn 
a diesel engine, either as or as part of a diesel fuel 
composition. 



